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APPENDIX A. 3-1 - “SPEC 78“ Computer Simulation Mode! 

The mathematic model in the object (SPEC 78) was implemented in 1978 to 
provide a powerful design tool for the evaluation of performance consumption and 
emissions of any type of vehicle using any combination of components in the propulsion 
system, 

The model can now simulate the most common propulsion systems but was 
designed in such a way that the simulation of any new propulsion system can be easily 
added to the basic program. 

The program consists of mathematic simulations of any vehicle component and 
external environment effects: internal combustion engine, transmission, automatic 
transmission, differential, rear-axle ratio, electric motors and controls, batteries 
performances, aerodynamic drag, rolling resistance etc, An appropriate code is used 
to identify any specific propulsion system consisting of a given configuration made of 
specific components. A second identification code is used to label the system control 
logic. 

The model, on die basis of input design parameters, calculates the vehicle 
performance parameters on a time base related to given initial operating condition. 

The time base is made of a sequence of discrete time steps cycle points of die 
simulated mission which can be varied from 1 ms to 1 s, 

The traveled distance is then obtained as the integral of the speed vs/ time 
function. 

The program input data consists of vehicle code, propulsion system code and 
mission parameters. The program output data consists of performance, consumptions and 
emissions achieved in die mission. The program is also able to show the efficiency 
breakdown at component level. 

The values of any variables under evaluation, if required, can also be given at 
intervals not longer than 1 second. 

The mathematic simulation used by CRF was validated by other calculation 
methods and experimental data for conventional propulsion, hybrid ^ and electric 
vehicles, 


(1) See Ref. [1], Subsection 1.2, Vol. 1. 
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SPEC 78 - Program Index Table 


1 Heading 

2 Configuration block diagram 

3 Main vehicle parameters 

4 Lead-Acid batteries map 

5 Overall batteries data 

6 Electric motor maximum power characteristics 

7 Paramaters for electric motor simulation 
S Current maximum values 

9 Magnetization curves map 

10 Parameters for the interna! combustion engine simulation 

11 Power and torque force characteristics of the internal combustion engine 

12 Rear-axle ratio 

13 Minimum values for emissions in different measurement units 

14 Internal combustion engine consumptions and emissions map 

15 Torque converter characteristics 

16 Continuously variable ratio transmission efficency map 

17 Continuously’ variable ratio transmission setting data 

* & 

18 Internal combustion engine utilization diagram 

19 Maximum CVRT input power and torque 

20 ICE and electric motor reduction gear velocity ratio 

21 Table of Vehicle performance 

22 Table of Consumptions on the selected run* 

23 Table of Emissions during a cycle 

24 Table of Total energy necessary in one cycle 

25 Table of Electric energy 

26 Vehicle acceleration capability instantaneous data 

27 Instantaneous data for single cycle consumptions 

28 Instantaneous data for single cycle emissions. 
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APPENDIX A.3'2 — Propulsion System Alternatives 


This Appendix provides a description of the Configuration alternatives as presented 
in our Proposal with the exclusion of die series configuration not even taken into 
consideration during the Trade-off Studies because of its less fuel-efficient operation, 

In all parallel configurations the engine power is applied directly to the drive wheels 
and the power handled by the reversible electric machine (electric motor-generator)can be 
added or subtracted as appropriate. 

The interconnection between the two machines can be accomplished using various 
mechanical configurations which have the function of uncoupling or altering the speed 
ratios with respect to one another and relative to the wheels and can always be represented 
in the block diagram shown on Figure A.3-2,1, as Subsystems No, 1, 2 and 3. 

The simplest layout is shown on Figure A. 3-2. 2: Subsystem No. I merely consists of 
a clutch, Subsystem No, 2 includes a reduction gear unit between motor and engine, 
while Subsystem No. 3 is not required. 

An improvement of the previous system is shown in Figures A.3-2.3 and A.3-2,4 
where a Continuously Variable Ratio Transmission (CVRT) is introduced in Subsystems 
No. 3 and No, 1 respectively. 

Obviously, the introduction of a more complex mechanical component such as the 
CVRT increases the vehicle cost but significantly improves system performance and 
efficiency. 

The Trade-off Studies must therefore determine whether the cost increase is justified 
by a significant improvement, 

The choice between the two configurations using a CVRT is not significantly tied to 
economic constraints as much as to the following technical considerations. 

In the case of the CVRT placed immediately upstream of the rear axle 
(Configuration No. 2), all the power supplied to the wheels, which is the sum of thermal 
and electric power, is handled by the transmission under optimal conditions. The same 
applies to the braking energy which, thanks to the stepless transmission, may be 
recovered at rotational speeds corresponding to high motor efficiency. The CVRT, on the 
other hand, must be capable of handling a higher torque being dais requirement associated 
with a more difficult coupling between the engine and the motor owing to fixed ratio 
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FIG, A.3-2.3 - HYBRID VEHICLE: PARALLEL CONFIGURATION No. 2 








existing between the two. 

In the case of Configuration No. 3, where the CVRT is placed on the engine output 
shaft upstream of the fixed ratio, less severe operating conditions anJ ratings arc required 
for the CVRT w hile the coupling between the motor and the engine becomes much more 
flexible and provides therefore the possibility of a wider choice of components. In tins 
case however only the engine power is delivered to the wheels in optimum conditions and 
the recovery of the braking energy is less efficient occurring at motor rotational speeds 
imposed by the wheel speed and by the selected fixed ratio, 

A variant may be introduced on the three above configurations by introducing a 
clutch between the motor and the fixed ratio. For the sake of simplicity, since the same 
clutch could be used in any configuration, only the case where the clutch is introduced in 
Configuration No. 3 will be considered as shown on Figure A.3'2,5. 

The function of this clutch is to isolate the motor from the drive train when only 
the engine thermal power is used or required so that the energy corresponding to the 
mechanical loading effect of the electric motor can be saved. 


A.3-36 



FIG. A.3-2.5 - HYBRID VEHICLE: PARALLEL CONFIGURATION No. 4 





APPENDIX A.3-3 - Lead-Acid and N*a-S Traction Batteries 


The battery and the electric propulsion system of the H.V. will be analyzed in 
greater details during the preliminary design. This Appendix provides some preliminary 
assessments on the fundamental characteristics of the only two types of traction batteries 
that have been evaluated during the Trade-off Studies; Lead-Acid and Sodium-Sulphur. 
The Lead-Acid type is characterized by a low initial cost, is already available on the 
market and is susceptable of some technological improvements. The Sodium-Sulphur type 
offers much higher specific energy but, as a product, it is still under development and 
therefore, while susceptable of significant technological improvement, its product 
availability by 1985 has yet to be validated. The main characteristics of the selected 
batteries are shown in Table A. 3*3,1; they can be assumed as representative of the 
foreseeable performance range, 


A. 3-3,1 Lead-Acid Batteries 

The maximum available power at a given time is function of the average discharge 
power and of the total energy supplied to the load as shown in Fig. A. 3-3.1 Assuming 
vehicle operation in the electric mode only, the vehicle range capability' can be calculated 
as follows. The battery average discharge power is given by 


W 


M b 


where; 

q is the vehicle average energy consumption 
v is the vehicle average speed 
M[j is the batten,' weight 

The selected maximum power allows to determine, for a given W, the specific energy 
(E) supplied by the battery. The vehicle range is then calculated by means of 

E . M b 

R - 

q 
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TABU. A. 3*3.1 

TRACTION BATTERIES CHARACTERISTICS 


PARAMETER 

LEAD-ACID 

SODIUM -SULPHUR 

OPEN CIRCUIT VOLTAGE, V 

144 

144 

DISCHARGING VOLTAGE, V 

144-110 

144-72 

CAPACITY (5 h), Ah 

100 

315 

MAX DISCHARGING 
CURRENT, A 

250 

450 

RECHARGING CURRENT 
(4 h), A 

25 

78 

CURRENT EFFICIENCY: 
Ah out /Ah jn 

> 0.9 

1 

POWER EFFICIENCY 
Wh 0 utAVhj n 

> 0.7 

Function of operating 
conditions 

NUMBER OF ELEMENTS 

12 

432 {12 x 36) 

SIZE, mm 

775x830x300 

794 x 976 x 400 

WEIGHT, kg 

300 

300 

OPERATING TEMPERATURE 

ambient 

300 • 350*0 

LIFE CYCLES 

400 to 800 

300 to 900 

MAINTENANCE FREQUENCY, 
mounths 

6 

6 

COST, S 

1,000 

3,000 

COST OF MAINTENANCE, 
S/year 

80 

50 
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USEABLE SPECIFIC ENERGY, IV/kg 



Considering a 5 hour discharge time in a hybrid propulsion system, the maximum 
energy that can be drawn from the battery corresponds to 80% of the stored energy. For 
the 1985 Lcad-Acid batteries the expected specific energy is about 40 Wh/Kg which, for a 
300 Kg. battery, corresponds to a total energy availability of 12 KWh. However, at 80% 
discharge the available power is much lower than the power at full charge and therefore, 
to guarantee vehicle performance over the entire operating range, the maximum discharge 
must be limited to about 50% of the available Ah and the initial maximum power 
accordingly derated. The 1985 model batteries shall guarantee 400 discharge cycles but, if 
the specific energy is kept in the 33 • 36 Wh/Kg, a life-cycle above 800 can be expected. 

On the other hand Lead-Acid batteries, at discharge levels below 80% have a rather 
small internal resistance and provide therefore reasonably high efficiency operation, 


A. 3-3. 2 Sodium-Sulphur Batteries 

The power that can be supplied to the load is a simple function of the discharge 
current (I); 

W - <V 0 - RD - 1 

The maximum power available is then; 2 

w max “ (l 2 ) ‘ T 

The total energy available from the batteries can be calculated as a function of the 
instantaneous discharge current as follows; 

E - ; (V 0 - RIM-dt , 

and is therefore dependent on the vehicle speed vs/ time pattern. Considering a discharge 
at constant power the total available energy is given by: 

E - C • V - C-(V 0 - Rl) 

where C is the battery capacity given by C»/l-dt. The power and energy of the battery as a 
function of the discharge current are shown in Figures A. 3 -3. 2 and A. 3-3. 3 Assuming a 
discharge depth of 80%, a life ot 300 cycles is expected for Sodium-Sulphur batteries 








presently produced is small series by the Brown Boveri Company. The technology is 
expected to improve significantly and a 600 cycle life is expected by 1985 which could 
reach 900 cycles by 1990. 

The Sodium-Sulphur battery operates at a temperature between 300 and 350°C. If 
the temperature falls below the operating range, the £ -allumina conductivity drops and 
all the reagents and reaction by-products solidify. For a 300 kg battery, 10 kWh per day 
are required to keep the battery at operational temperature, assuming that presently 
available insulation techniques are used. The battery heating energy is normally provided 
by the energy dissipated in the battery internal resistance during the charge/discharge 
cycles. In addition to the charge/discharge life, the Sodium-Sulphur batter)' also has a 
limited life in terms of cycles of thermal cooling below the normal operating range. The 
negative impact of thermal cooling on battery life is much more pronounced if cooling 
occurs at low charge levels because of damages induced to the ceramic component 
( -allumina). 


APPENDIX A. 3*4 - FIAT Procedures and Regulation for mass production Cost 

estimates. 

This Appendix provides a summary of the FIAT Procedures and Regulations as used 
by CRF to evaluate the production cost of a new vehicle which a mass production of 
above 1,000 * 1,500 units/day is planned for, This procedure could not be thoroughly 
used during the Trade-off Studies due to the limited design definition of the various 
vehicle components; the actual cost analysis was therefore based on the production cost 
of actual vehicle parts and components similar to those itemized but not defined at the 
manufacturing level for the hybrid vehicle conceptual design to be further developed 
during the Preliminary Design task. 


A.3-4-1 Vehicle Breakdown 


As a first step all the vehicle parts and components are broken down into four main 
categories or “assemblies”: 

— Engine and Transmission 

— Chassis 

— Body Frame 

— Electrical equipment, 

For each assembly the vehicle breakdown is further developed throughout the 
"GROUPS” and “SUBGROUPS” level down to the “COMPONENT” level as shown on 
Figure 4. 3-4.1, 


A.3-4.2 Component Cost Analysis 

The manufacturing drawings of the various parts, components and subassemblies are 
analyzed to identify materials characteristics and quality, dimensions, tolerances etc. 

The production cost of the UNFINISHED PARTS is first calculated in kL/kg (or 
$/kg); the additional costs for FIRST PROCESSING and PARTS FINISHING are then 
added as appropriate together with the current cost of standard parts from EXTERNAL 
SUPPLIERS. 
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A.3-4.3 Labor Cost Analysis 


The manufacturing drawings are then analyzed to identify the appropriate 
production cycles and define the cost effectiveness of production organization to 
optimize the mix of the following objectives: 

- Short manufacturing time 

- Minimum manpower 

- Simple production and tooling equipment 

Based upon the existing production requirements a processing cycle is defined for 
the various components which includes a list of the machinery and tooling to be used, 
Processing cycle and assembling times, as well as machine set-up time where appropriate, 
are identified step by step, so that optimal work sequence and timing could be obtained. 

Where small batch productions are appropriate an assessment of the incidence of 
machine set-up on the total process cycle is made to determine the optimal batch size. 


A. 3-4,4 Investments 

On the basis of the expected cycle times upon evaluation of the effects of machine 
set-up, rejects, replacement and machinery efficiency, the actual machine load is 
evaluated for the various parts. As a result the amount of equipment necessary to achieve 
the required production level and the corresponding value of the investment for assembly 
lines, machinery, fixtures, gauges and tools can be defined. 

The plant size, number of workers and plant related services can therefore be 
identified leading to the total investment value. The projected construction and tooling 
machinery cost must be continuously updated using the established relationships with the 
various contractors and suppliers. 


A.3-4.5 Manufacturing Costs 

The projected manufacturing times are converted into manufacturing costs 
according to the projected average hourly labor rates including both direct and overhead 
manhours, 
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The expenses resulting from general and specific investments are expressed as 
appropriate in yearly depreciation costs taking into account expected interest rates. 

Phe total production cost is obtained by adding the total cost of parts materials 
previously identified. 

Based upon die number of vehicles to be produced on a yearly basis the total vehicle 
cost can be accordingly defined including an estimated additional cost to account for the 
improvements and design changes to be experienced during or after the first year of 
production. 


